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METHOD AND APPARATUS FOR 
MOUNTING GRADIENT TUBE TO 
DIAGNOSTIC IMAGING DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to the magnetic resonance 
art. It ?nds particular application in conjunction With a 
method and apparatus for mounting a gradient tube to a 
magnetic resonance imaging (MRI) device and Will be 
described With particular reference thereto. HoWever, it 
should be appreciated that the present invention may also 
?nd application in conjunction With magnetic resonance 
spectroscopy systems and other applications Which utiliZe 
gradient tubes. 

In magnetic resonance imaging applications, three 
orthogonal gradient ?elds are employed to provide spatial 
resolution by frequency discrimination of an MRI signal. A 
gradient tube typically includes three discrete gradient coils 
for generating the X, y, and Z-gradient ?elds. The discrete 
coils are insulated from each other and are layered on a 
cylindrical former. Commonly, the entire gradient tube is 
overWrapped and epoXy impregnated for greater structural 
strength. 

Aself-shielded gradient tube typically includes a second 
ary or shielding gradient coil set spaced radially from a 
primary gradient coil set. The primary and secondary gra 
dient coil sets each include insulated coils for generating X, 
y, and Z-gradient ?elds Which can be layered on separate 
cylindrical formers or on a single unitary former. 

Both types of gradient tubes must be constrained in the X, 
y, and Z directions When mounted Within the cylindrical bore 
of an MRI magnet housing due to the magnetic forces acting 
on the gradient tube. The gradient tube is typically secured 
to the magnet housing by mounting rings positioned at both 
ends of the cylindrical bore to, in effect, trap the gradient 
tube betWeen the mounting rings. HoWever, the mounting 
ring design makes the front tunnel liner design much more 
claustrophobic from the patient’s perspective, in addition to 
limiting access to the patient by medical personnel. Further, 
mounting rings interfere With service-end Water headers on 
liquid-cooled gradient tubes making the designs compleX 
and costly. 

In an alternative arrangement, the gradient tube can be 
mounted to tombstone-like castings secured to the ?oor and 
located at the patient and service-ends of the magnet hous 
ing. HoWever, the tombstone gradient tube mounts make the 
MRI device substantially longer, making access to the 
patient more dif?cult. 

The present invention contemplates a neW and improved 
method and apparatus for mounting a gradient tube to an 
MRI device Which overcomes the above-referenced prob 
lems and others. 

SUMMARY OF THE INVENTION 

In accordance With one aspect of the present invention, 
there is provided a diagnostic imaging apparatus including a 
housing, a main ?eld magnet for generating a temporally 
constant magnetic ?eld through an eXamination region 
de?ned Within a bore of the housing, and a gradient tube 
assembly positioned Within the bore for inducing gradient 
magnetic ?elds across the temporally constant magnetic 
?eld. The gradient tube assembly includes at least one 
tongue member eXtending from the gradient tube assembly, 
and at least one mount for securing the at least one tongue 
member to the housing, said mount restraining the gradient 
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2 
tube assembly in a direction at least along a Z-aXis eXtending 
through the bore. 

In accordance With a second aspect of the present 
invention, there is provided a method of securing a gradient 
tube assembly to a housing of a diagnostic imaging appa 
ratus Wherein the gradient tube assembly is positioned 
Within a bore of the housing. The method includes attaching 
a tongue member associated With the gradient tube assembly 
to a mount associated With the housing to restrain the 
gradient tube assembly in a direction at least along a Z-aXis 
eXtending through the bore. 
The invention provides a loW cost gradient mounting With 

improved patient access due to larger openings in the tunnel 
liners. There is also much better service access to the 
service-end of the gradient tube for the bus bars and Water 
header plumbing With the Z-aXis constraint located at the 
patient-end of the gradient tube. 
One advantage of the present invention is that it provides 

a single “push-pull” type Z-aXis constraint at the patient end 
of the bore to permit free and needed space to be used at the 
service end of the bore for Water cooling, electrical 
connections, etc. 

Another advantage of the present invention is the provi 
sion of an integral mounting appendage or tongue at the 
patient-end of the gradient tube Which is structurally rein 
forced by continuous glass ?laments and of an optimiZed 
semi-circular shape. 

Another advantage of the present invention is that it 
alloWs for a more open front tunnel linear design With a 
shorter bore length for easier access to the patient. 

Another advantage of the present invention is that it 
reduces the cost of the gradient mounting and simpli?es the 
design and installation of the gradient tube. 

Further advantages reside in improved service access to 
the service end of the gradient tube for servicing the bus bars 
and Water header plumbing. 

Still further advantages of the present invention Will 
become apparent to those of ordinary skill in the art upon 
reading and understanding the folloWing detailed descrip 
tion of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may take form in various components and 
arrangements of components, and in various steps and 
arrangements of steps. The draWings are only for purposes 
of illustrating preferred embodiments and are not to be 
construed as limiting the invention. 

FIG. 1 is a diagrammatic illustration of a gradient tube 
mounted to a magnetic resonance imaging (MRI) system in 
accordance With the present invention; 

FIG. 2 is side elevation vieW, partially cut-aWay of the 
gradient tube of FIG. 1; 

FIG. 3 is a top vieW of a patient-end of the gradient tube 
of FIG. 2; 

FIG. 4 is a perspective vieW of the patient-end of the 
gradient tube of FIG. 2; 

FIG. 5 is an enlarged side vieW of a Z-aXis constraint for 
the gradient tube of FIG. 2; 

FIG. 6 is a side elevation vieW of a patient-end saddle 
bracket of the Z-aXis constraint of FIG. 5; 

FIG. 7 is a side elevation vieW of a saddle cap of the Z-aXis 
constraint of FIG. 5; 

FIG. 8 is a perspective vieW of a support segment of the 
Z-aXis constraint of FIG. 5; and 
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FIG. 9 is an end vieW of the gradient tube mounted to the 
Z-aXis constraint of FIG. 5; 

FIG. 10 is an enlarged side vieW of a patient-end X and 
y-aXis constraint for the gradient tube of FIG. 2; 

FIG. 11 is an enlarged side vieW of a service-end X and 
y-aXis constraint for the gradient tube of FIG. 2; 

FIG. 12 is an enlarged perspective vieW of the patient and 
service-end X and y-aXis constraints of FIGS. 10 and 11; and 

FIG. 13 is an enlarged side vieW of a service-end saddle 
bracket for the gradient tube of FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference to FIG. 1, a plurality of superconducting 
magnetic ?eld coils 10 generate a temporally constant 
magnetic ?eld along a longitudinal or Z-aXis of a central bore 
12. The X and y-aXes are de?ned orthogonal to the Z-aXis and 
to each other, e.g. horiZontally and vertically. The coils of 
the superconducting magnet are supported by a former 14 
and are received in a toroidal helium vessel or can 16. The 
helium vessel is ?lled With liquid helium to maintain the 
superconducting magnet at a temperature at Which it is 
superconducting. Amain magnetic ?eld shield coil assembly 
18 shields regions surrounding the superconducting magnet 
from the full strength of the main magnetic ?eld. 

To reduce helium boil-off, the toroidal helium vessel 16 is 
surrounded by a ?rst cold shield 20 Which is maintained at 
about 20° K. or less. A second cold shield assembly 22 is 
chilled to about 60°—70° K. or less. The ?rst and second cold 
shields are preferably cooled by mechanical refrigeration 
(not shoWn). Atoroidal vacuum vessel or housing 24 encases 
the cold shields to de?ne a vacuum reservoir therearound. 
The vacuum vessel 24 includes a cylindrical member 26 that 
de?nes the bore 12 and eXtends parallel to the Z-aXis. The 
main magnetic ?eld is generated through the cylindrical 
member 26. 

An eXemplary gradient tube assembly 30 is positioned 
Within the bore 12 and is mounted to the housing 24 in 
accordance With the present invention. A plurality of elas 
tomeric (e.g., urethane rubber) pads 31 are spaced along the 
loWer eXterior surface of the gradient tube assembly to 
support the gradient tube assembly on the cylindrical mem 
ber 26 When positioned Within the bore 12. The thickness of 
the pads 31 can be siZed so as to substantially center the 
gradient tube assembly 30 Within the cylindrical member 26. 
A radio frequency (RF) coil assembly 32 is positioned 
Within the gradient tube assembly 30. The radio frequency 
coil assembly can include a quadrature or birdcage-type 
radio frequency coil and a radio frequency shield. 

The gradient tube assembly 30 can be self-shielded 
including a set of primary X, y, and Z-gradient coils and a set 
of shielding X, y, and Z-gradient coils. Alternatively, the 
gradient tube assembly 30 can be non-shielded including 
only primary X, y, and Z-gradient coils. Further, the gradient 
tube assembly 30 can have a unitary or single former 
construction such as described in co-pending US. patent 
application Ser. No. 08/908,359 Which is commonly 
assigned to the Assignee of the present invention. The 
gradient tube assembly 30 can also have a dual former 
construction (in the case of a self-shielded gradient coil 
assembly) such as described in co-pending US. patent 
application Ser. No. 08/822,766 Which is also commonly 
assigned to the Assignee of the present invention. 
With reference to FIGS. 2—4, an eXemplary self-shielded, 

dual former, gradient tube assembly 30 is shoWn and here 
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4 
after described. HoWever, various alternate gradient tube 
constructions are contemplated. The gradient tube assembly 
30 includes a primary gradient tube 34 having a set of 
primary X, y, and Z-gradient coils Wrapped over a former and 
potted in an epoXy or other dielectric material. A secondary 
gradient tube 36 has a set of shielding X, y, and Z-gradient 
coils also Wrapped over a former and potted in an epoXy or 
other dielectric material. 
The primary and secondary X and y-gradient coils can be 

?ngerprint-type coils as illustrated in greater detail in US. 
Pat. No. 5,296,810 Which issued to Morich on Mar. 22, 
1994, and assigned to the same Assignee as the present 
invention. The elastomeric pads 31 are located at positions 
on the eXternal surface of the secondary gradient tube 36 
Where there are no gradient coils (i.e., in the “cold gaps” 
betWeen the Windings of the gradient coils) to keep the heat 
to a minimum. EXcess heating of the pads can cause a loss 
of support due to reduced durometer (stiffness). 
The secondary gradient tube 36 is spaced concentrically 

apart from the primary gradient tube 34 to de?ne an annular 
gap therebetWeen. A plurality of longitudinally eXtending 
I-beams or other mounting brackets 40 are circumferentially 
spaced-apart Within the annular gap. Adjacent I-beams 40 
de?ne passages 42 of suf?cient siZe to receive loWer order 
magnetic ?eld shim set trays 44. 
The gradient tube assembly 30 includes a service-end 46 

and a patient-end 48. A plurality of internal cooling tubes 
(not shoWn) or heat eXchangers are potted Within each of the 
primary and secondary gradient tubes 34, 36 proXimate the 
respective primary and shielding gradient coils. As best 
shoWn in FIG. 11, each of the cooling tubes associated With 
the primary gradient coil 34 includes an inlet 50 and an 
outlet 52 eXtending from the service-end 46 of the primary 
gradient tube 34. The inlets 50 are joined to a single, circular, 
service-end coolant supply manifold or header 54. The 
outlets 52 are joined to a single, circular service-end coolant 
return manifold or header 56. 

LikeWise, each of the cooling tubes associated With the 
shielding gradient coil 36 includes an inlet 58 and an outlet 
60 eXtending from the service-end 46 of the shielding 
gradient tube 36. The inlets 58 are joined to a single, circular, 
service-end coolant supply manifold or header 62. The 
outlets 60 are joined to a single, circular service-end coolant 
return manifold or header 64. 

Referring again to FIGS. 2—4, an integral mounting 
appendage such as a tongue, eXtension, ?ange, or projection 
66 is provided on the loWer (i.e., siX o’clock position) 
patient-end of the secondary gradient tube 36. The tongue 66 
is formed from continuous glass ?laments Which eXtend 
integrally betWeen the secondary gradient tube 36 and the 
mounting tongue 66 as a result of a ?lament Winding 
process. That is, during manufacture, continuous glass ?la 
ments are Wound around the secondary gradient tube 36 at 
a pitch or Wrap angle 0t of approXimately 60° prior to the 
potting step. 
An arcuate portion 68 of the resulting patient-end of the 

secondary gradient tube is then machined aWay leaving only 
the tongue 66. As such, the tongue satis?es the high demands 
for structural strength and compact siZe. The tongue gains 
structural strength from the integral glass ?laments. Further, 
the arcuate shape of the tongue provides high structural 
rigidity, and is Well matched to the small available free space 
at the patient-end of the gradient tube 30. 

Referring noW to FIGS. 5—9, a “push-pull” type Z-aXis 
constraint 70 secures the integral tongue 66 to the patient 
end of the main magnet housing 24. It should be appreciated 
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that having a Z-axis constraint only at the patient-end of the 
magnet bore (instead of conventional “push-push” mounting 
rings or tombstone mounts at both ends of the bore) permits 
free and needed space to be used at the service-end of the 
bore for Water cooling (e.g., the headers 54, 56, 62, 64), 
electrical bus bar connections, etc. 

The Z-axis constraint 70 includes a saddle bracket 72, 
saddle cap 74, and an intermediate support bar 76. The 
saddle bracket 72 is secured to a Weldment 78 by attachment 
means such as upper and loWer sets of bolts 80, 82, respec 
tively. The Weldment 78 includes a bore plate 84 joined to 
the cylindrical member 26 by means such as Welding, and a 
face plate 86 joined to the face of the housing 24 also by 
means such as Welding. The saddle cap 74 is secured to the 
saddle bracket 72 and provides support for the front tunnel 
liner and/or the patient couch at the patient-end of the bore 
12. 

The saddle bracket also includes a plurality of oval 
shaped apertures 88 (FIG. 6) for receiving threaded rods 90 
therethrough. The rods 90 and apertures are siZed to prevent 
the rods from contacting the side Walls of the apertures 88 
during use. The rods 90 engage a ?rst set of threaded 
apertures 92 of the intermediate support bar 76. The rods 90 
are secured to the saddle bracket by elastomeric (e.g., 
urethane rubber) vibration isolators 94 to reduce vibration 
transmission from the gradient tube assembly to the magnet 
housing thus reducing the generation of structural borne 
noise. The isolators 94 are compressed against the saddle 
bracket 72 by means of backing plates 96 and a jam nut 98 
associated With each treaded rod 90. 

The tongue 66 includes a ?anged portion 99 (FIG. 5) 
Which extends over the intermediate support bar 76. A 
plurality of apertures 100 extend through the ?ange 99. 
Attachment means such as bolts or screWs 101 pass through 
the apertures 100 and engage a second set of threaded 
apertures 102 of the intermediate support bar to secure the 
tongue 66, and hence the gradient tube assembly 30, to the 
intermediate support bar. It is contemplated that the rods 90 
could be threaded directly into inserts mounted Within the 
secondary gradient tube 36. 
When the gradient tube assembly 30 is mounted to the 

magnet housing by the Z-axis constraint 70, the rods 90 can 
then be adjusted to align or otherWise reposition the gradient 
tube assembly Within the bore 12 in directions, for instance, 
along the Z-axis. 

Referring noW to FIGS. 10—12, patient-end 104 and 
service-end 106 X and y-axis constraints each include a 
support plate 108, a ?rst or ?xed bind plate 110, a second or 
movable bind plate 112, and at least one, and preferably, a 
plurality of threaded tyrods 114 extending through apertures 
in the support plate 108, and ?rst and second bind plates 110, 
112. The support plate 108 is secured to the respective 
patient or service-end face of the secondary gradient tube 36 
While the bind plates 110, 112 extend in a gap 115 betWeen 
the secondary gradient tube 36 and the cylindrical member 
26. In a preferred embodiment, the X and y-axis constraints 
104, 106 are positioned at approximately the tWelve o’clock 
position. 

The tyrods 114 extend through sleeves 116 interposed 
betWeen the support plate 108 and the ?rst bind plate 110. 
The tyrods 114 also extend through expandable elastomeric 
(e. g., urethane rubber) plugs 118 positioned betWeen the ?rst 
and second bind plates 110, 112. The free ends of the tyrods 
engage threaded apertures in the second bind plate 112. 
Thus, When the tyrods 114 are rotated in one direction, the 
second bind plate 112 is driven in a linear direction toWard 
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the ?rst ?xed bind plate 110 to compress the plug(s) along 
the Z-axis. A stop (not shoWn) may be provided on the free 
end of each tyrod to prevent the tyrods from backing out of 
the second bind plate When turned in an opposite direction. 
As a result, the plug(s) 118 expand in the x and/or 

y-directions to, in effect, Wedge the plugs betWeen the 
cylindrical member 26 and the outer surface of the second 
ary gradient tube 36. When expanded suf?ciently, the plugs 
118 frictionally constraint the gradient tube assembly 30 in 
directions along the x- and y-axis. Alock nut 120 binds each 
of the tyrods 114 to the support plate 108 to prevent 
inadvertent rotation of the tyrods. The plugs 118 also serve 
to reduce vibration transmission from the gradient tube 
assembly 30 to the magnet housing 24 to reduce the gen 
eration of structural borne noise. 

It should be appreciated that the support plate 108, and the 
?rst and second bind plates 110, 112, each de?ne arc 
segments Which conform to cylindrical shape the annular 
gap 115. As the arc length of the plates and the number of 
plugs 118 are increased, the better the constraints 104, 106 
are able to constraint the gradient tube assembly 30 in 
directions along the x and y-axis. 

Referring to FIG. 13, there is shoWn a service-end saddle 
bracket 122 mounted to a Weldment 124 attached to the 
service-end face of the magnet housing 24. An upper ?ange 
125 of the bracket extends over the coolant headers 62, 64 
to support the rear tunnel liner and patient couch at the 
service end of the bore 12. 

Referring again to FIG. 1, a sequence control 130 controls 
a gradient coil control 132 and a transmitter 134. The 
gradient coil control 132 is connected to the x, y, and 
Z-gradient coils associated With the gradient tube 30. The 
transmitter 134 is connected to the radio frequency coil 
associated With the radio frequency coil assembly 32 for 
generating pulses of radio frequency signals that excite and 
manipulate magnetic resonance in selected dipoles of a 
portion of a subject Within the bore. A radio frequency 
receiver 138 is also connected to the radio frequency coil of 
the radio frequency coil assembly 32 to demodulate mag 
netic resonance signals emanating from the examined por 
tion of the subject. 
An image reconstruction processor 140, such as an 

inverse tWo-dimensional Fourier transform reconstruction 
processor, reconstructs the received magnetic resonance 
signals into an electronic image representation that is stored 
in an image memory 142. A video processor 144 converts 
electronic images stored in the memory 142 into appropriate 
format for display on a video monitor 146. 
The invention has been described With reference to the 

preferred embodiments. Obviously, modi?cations and alter 
ations Will occur to others upon reading and understanding 
the preceding detailed description. It is intended that the 
invention be construed as including all such modi?cations 
and alterations insofar as they come Within the scope of the 
appended claims or the equivalents thereof. 

For instance, the “push-pull” type Z-axis constraint 70 
could be positioned at the service-end 46 of the magnet 
housing, or Z-axis constraints 70 could be positioned at both 
the patient and service-ends of the magnet housing. While 
this may croWd existing Water cooling headers and electrical 
bus bar connections, it could have advantages for furthering 
patient or interventional access or neW patient handling 
designs. 

Further, the patient and service-end x and y-axis con 
straints could be positioned at other than the tWelve o’clock 
positions, and the patient-end Z-axis constraint could be 
positioned at other than the six o’clock position, as shoWn in 
the Figures. 
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Having thus described the preferred embodiments, the 
invention is noW claimed to be: 

1. A diagnostic imaging apparatus including a housing, a 
main ?eld magnet for generating a temporally constant 
magnetic ?eld through an examination region de?ned Within 
a bore of the housing, and a gradient tube assembly adjust 
ably positioned Within the bore for inducing gradient mag 
netic ?elds across the temporally constant magnetic ?eld, 
the gradient tube assembly including: 

at least one projection extending axially from a tubular 
body of the gradient tube assembly; and 

at least one mount for adjustably securing the at least one 
projection to the housing, said mount restraining the 
gradient tube assembly in a direction at least along a 
Z-axis extending through the bore. 

2. A magnetic resonance imaging apparatus including a 
housing, a main ?eld magnet for generating a temporally 
constant magnetic ?eld through an examination region 
de?ned Within a bore of the housing, and a gradient tube 
assembly positioned Within the bore for inducing gradient 
magnetic ?elds across the temporally constant magnetic 
?eld, the gradient tube assembly including: 

a primary gradient tube spaced radially inWard from a 
secondary gradient tube; 

at least one extension being formed integral With and 
extending longitudinally from said secondary gradient 
tube; and 

at least one mount for securing the at least one extension 
to the housing, said mount restraining the gradient tube 
assembly in a direction at least along a longitudinal axis 
extending along the bore. 

3. The apparatus of claim 1, Wherein said projection 
extends from a patient-end of said gradient tube assembly. 

4. A diagnostic imaging apparatus including a housing, a 
main ?eld magnet for generating a temporally constant 
magnetic ?eld through an examination region de?ned Within 
a bore of the housing, and a gradient tube assembly posi 
tioned Within the bore for inducing gradient magnetic ?elds 
across the temporally constant magnetic ?eld, the gradient 
tube assembly including; 

at least one projecting member extending from the gra 
dient tube assembly, said projecting member being 
formed from glass ?laments Wound around a tubular 
body of said gradient tube assembly, said ?laments 
extending continuously from said gradient tube assem 
bly to said projecting member; and 

at least one mount for securing the at least one projecting 
member to the housing. 

5. A diagnostic imaging apparatus including a housing, a 
main ?eld magnet for generating a temporally constant 
magnetic ?eld through an examination region de?ned Within 
a bore of the housing, and a gradient tube assembly posi 
tioned Within the bore for inducing gradient magnetic ?elds 
across the temporally constant magnetic ?eld, the gradient 
tube assembly including: 

at least one ?ange member extending from the gradient 
tube assembly; and 

at least one mount for securing the at least one ?ange 
member to the housing, said mount restraining the 
gradient tube assembly in a direction at least along a 
longitudinal axis of the bore, said mount securing said 
?ange member to a loWermost portion of said bore at a 
patient-end thereof. 

6. A diagnostic imaging apparatus including a housing, a 
main ?eld magnet for generating a temporally constant 
magnetic ?eld through an examination region de?ned Within 
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a bore of the housing, and a gradient tube assembly posi 
tioned Within the bore for inducing gradient magnetic ?elds 
across the temporally constant magnetic ?eld, the gradient 
tube assembly including: 

at least one mounting member formed integral With and 
extending longitudinally from the gradient tube assem 
bly; 

at least one mount for securing the at least one mounting 
member to the housing, said mount restraining the 
gradient tube assembly in a direction at least along a 
longitudinal axis through the bore; and 

at least one vibration isolator interposed betWeen said 
mounting member and said mount to reduce vibration 
transmission betWeen said gradient tube assembly and 
the housing. 

7. The apparatus of claim 1, further including at least one 
constraint interposed betWeen the gradient tube assembly 
and a cylindrical housing member de?ning said bore to 
restrain the gradient tube assembly in a direction at least 
along one of a x-axis and a y-axis. 

8. A diagnostic imaging apparatus including a housing, a 
main ?eld magnet for generating a temporally constant 
magnetic ?eld through an examination region de?ned Within 
a bore of the housing, and a gradient tube assembly posi 
tioned Within the bore for inducing gradient magnetic ?elds 
across the temporally constant magnetic ?eld, the gradient 
tube assembly including: 

at least one longitudinally extending gradient tube mount 
ing member; 

at least one housing mount for securing the at least one 
gradient tube mounting member to a patient-end of the 
housing, said housing mount restraining the gradient 
tube assembly in a longitudinal direction along the 
bore; and 

a ?rst constraint positioned at a patient-end of said 
gradient tube assembly and a second constraint posi 
tioned at a service-end of said gradient tube assembly, 
at least one of the ?rst constraint and the second 
constraint being interposed betWeen the gradient tube 
assembly and a cylindrical housing member de?ning 
said bore to restrain the gradient tube assembly in at 
least one direction transverse to the longitudinal direc 
tion. 

9. A diagnostic imaging apparatus including a housing, a 
main ?eld magnet for generating a temporally constant 
magnetic ?eld through an examination region de?ned Within 
a bore of the housing, and a gradient tube assembly posi 
tioned Within the bore for inducing gradient magnetic ?elds 
across the temporally constant magnetic ?eld, the gradient 
tube assembly including: 

at least one extension member extending from the gradi 
ent tube assembly; 

at least one mount for securing the at least one extension 
member to the housing, said mount restraining the 
gradient tube assembly in a direction at least along a 
Z-axis extending through the bore; and 

at least one constraint interposed betWeen the gradient 
tube assembly and a cylindrical housing member de?n 
ing said bore to restrain the gradient tube assembly in 
a direction at least along one of a x-axis and a y-axis, 
said constraint being positioned at a tWelve o’clock 
position at one of a patient-end and a service-end of 
said gradient tube assembly. 

10. A diagnostic imaging apparatus including a housing, 
a main ?eld magnet for generating a temporally constant 
magnetic ?eld through an examination region de?ned Within 
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a bore of the housing, and a gradient tube assembly posi 
tioned Within the bore for inducing gradient magnetic ?elds 
across the temporally constant magnetic ?eld, the gradient 
tube assembly including: 

at least one longitudinally extending ?ange member; 
at least one mount for securing the at least one ?ange 
member to the housing, said mount restraining the 
gradient tube assembly at least in a longitudinal direc 
tion along a Z-axis extending through the bore; and 

at least one constraint interposed betWeen the gradient 
tube assembly and a cylindrical housing member de?n 
ing said bore to restrain the gradient tube assembly in 
a direction at least along one of a x-axis and a y-axis, 
said constraint including at least one elastomeric plug 
and means for expanding said plug in directions at least 
along one of the x-axis and the y-axis. 

11. Adiagnostic imaging apparatus including a housing, a 
main ?eld magnet for generating a temporally constant 
magnetic ?eld through an examination region de?ned Within 
a bore of the housing, and a gradient tube assembly posi 
tioned Within the bore for inducing gradient magnetic ?elds 
across the temporally constant magnetic ?eld, the gradient 
tube assembly including: 

at least one projection extending from the gradient tube 
assembly; and 

at least one mount for securing the at least one projection 
to the housing, said mount restraining the gradient tube 
assembly at least along a longitudinal axis of the bore, 
and said mount including a means for adjustably posi 
tioning the gradient tube assembly along the longitu 
dinal axis. 

12. The apparatus of claim 1, Wherein said mount restrains 
the gradient tube assembly in both directions along the 
Z-axis. 

13. A method of securing a gradient tube assembly to a 
housing of a diagnostic imaging apparatus, the gradient tube 
assembly being positioned Within a bore of the housing, the 
method including: 

providing the gradient tube assembly With a projection 
that is formed integral With and that extends axially 
from a tubular body portion of the gradient tube assem 
bly; and 

attaching the projection to a mount associated With the 
housing to restrain the gradient tube assembly at least 
in a direction axially along the bore. 

14. The method of claim 13, Wherein the attaching step 
includes the steps of: 

attaching the projection to an intermediate support bar; 
and 

attaching the intermediate support bar to the mount. 
15. Amethod of securing a gradient tube assembly Within 

a bore of a magnetic resonance imaging apparatus, the 
method including: 

providing the gradient tube assembly With a longitudi 
nally extending ?ange member formed integral there 
With; and 

attaching the ?ange member to a mount at a patient-end 
of the housing to restrain the gradient tube assembly at 
least in a longitudinal direction of the bore. 

16. A method of securing a gradient tube assembly to a 
housing of a diagnostic imaging apparatus, the gradient tube 
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assembly being positioned Within a bore of the housing, the 
method including: 

providing the gradient tube assembly With an integral 
projection that extends axially from the gradient tube 
assembly; and 

attaching the projection to the mount at a loWermost 
portion of the bore to restrain the gradient tube assem 
bly in a direction at least along a Z-axis extending 
through the bore. 

17. The method of claim 13, further including the step of: 
restraining the gradient tube assembly in a direction at 

least along one of a x-axis and a y-axis. 
18. A method of securing a gradient tube assembly to a 

housing of a diagnostic imaging apparatus, the gradient tube 
assembly being positioned Within a bore of the housing, the 
method including: 

attaching a longitudinally extending ?ange member of the 
gradient tube assembly to a mount associated With the 
housing to restrain the gradient tube assembly in a 
direction at least along a Z-axis extending through the 
bore; 

positioning at least one elastomeric plug betWeen the 
gradient tube assembly and a cylindrical housing mem 
ber de?ning the bore; and 

expanding the plug in a direction at least along one of a 
x-axis and a y-axis to restrain the gradient tube assem 
bly in a direction at least along one of the x-axis and the 
y-axis. 

19. The method of claim 18, Wherein the positioning step 
includes the step of: 

positioning the elastomeric plug betWeen the gradient 
tube assembly and the cylindrical housing member 
proximate at least one of a patient-end and a service 
end of the housing. 

20. The method of claim 18, Wherein the positioning step 
includes the step of: 

positioning the elastomeric plug betWeen the gradient 
tube assembly and the cylindrical housing member 
proximate an uppermost portion of the gradient tube 
assembly. 

21. A method of securing a gradient tube assembly to a 
housing of a diagnostic imaging apparatus, the gradient tube 
assembly being positioned Within a bore of the housing, the 
method including: 

positioning the gradient tube assembly in the bore With a 
projection that extends axially therefrom; 

attaching the projection to a mount associated With the 
housing to restrain the gradient tube assembly in a 
direction at least along a longitudinal axis of the bore; 
and 

adjusting the position of the gradient tube assembly in 
along the longitudinal axis after the attaching step. 

22. The apparatus of claim 1 further including: 
at least one vibration isolator disposed betWeem the bore 

and the gradient tube for restraining at least one of 
transverse and vertical movement and reducing vibra 
tion transmission betWeen the gradient tube and the 
bore. 


